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ABSTRACT 

We present preliminary results for the production of the J/$J resonance in 

125 GeV/c antiproton and pi minus-nucleon interactions as determined from an 

analysis of 9100 antiproton and 28750 pi minus induced J/+'s. Total cross 

sections (xF > 0) for J/$ production by both particle types are determined and 

the ratio of T/U,,- is found to be 0.88 f 0.05. Differential cross sections 

for J/JI production are given as a function of xF and pT. The ratio of the 

do 
5 cross sections as a function of XF is shown. 

* Presented at the XXI International Conference on High Energy Physics, Paris, 
France, July 26-31, 1982. 

a Operated by Unlversiiies Research Association Inc. under contract with the United States Department of Energy 
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In experiment E-537 recently performed in the.IIigh 

Intensity Laboratory in the Proton Area at Fermilab, we have 

measured J/$I production ~(by.means'of detection of the 

J/$ * v + - decays) in pW and K-W interactions at 125 GeV/c. v 

A special enriched antiproton beam 1,2 produced from 

x0 - + decay was used in this experiment. + pil With this beam 

we were able to obtain 2~10~ p and 8x10 6 n-/see at 125 GeV/c 

when operating with a 5x1012/sec,400 GeV/c proton beam. The 

identity, momentum and trajectory of the incident beam particles 

were tagged by a system consisting of two 21 meter differential 

Cerenkov counters, two bending magnets and three PWC and 

scintillator hodoscope stations. This system measured momentum 

to 5 1% and tagged beam particle identity with only 1% 

contamination of the antiproton flux while operating routinely 

at 10 7 particles per second. 

The large acceptance forward spectrometer (shown in 

Fig. 1) which was used to collect the data has been described 

elsewhere 2 and will only.be described briefly here. The decay 

muons from J/$'s produced in a 1.0 or 1.5 interaction length 

W target passed through a 149 cm copper hadron absorber and 

were measured in a set of 9 drift chamber planes just upstream 

of the 91 cm x 183 cm, 27.7 kG meter analysis magnet of the 

spectrometer. An additional measurement to improve mass 

resolution by improving the measurement of the opening anqle 

of themuons was performed by a set of proportional wire planes 
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embedded in the copper absorber. The trajectories of the muons 

doxinstream of the magnet were measured by 12 planes of drift 

chambers. Finally the muons were required to penetrate 1.8 meters 

of steel and 0.9 meters of high density concreteand make a muon 

triple coincidence in the three large hodoscope planes of the 

muon detector. 

The fast logic trigger for the J/rj, dimtions consisted of an 

identified beam particle (either p or n-), two or more 

muon hodoscope triple coincidences in different quadrants of 

the spectrometer, and at least two particles detected in 

the large charged particle hodoscope just downstream of the last 

drift cham.ber set. A wall of veto counters positioned just 

upstream of the spectrometer was used to veto muon halo. A more 

restrictive trigger was sometimes imposed which required, in 

addition, at least one penetrating particle outside a 

15 cm radius at the downstream end of the copper absorber-~ 

The quadrant of this penetrating particle was required to be the 

same as the quadrant of.one of the muon triple coincidences. 

In addition to the fast logic, a trigger processor3 was 

prepared for the experiment which used the modular ECL CANAC 

system developed at Fermilab. This processor searched the rear 

drift chamber x planes for tracks in regions (roads) defined 

by the triple coincidences under the assumption that all 

muons came from the target. The system then .determined 

angles and momen-ta for all tracks that were found and 
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calculated the invariant mass of all pairs of tracks. If any 

pair had a mass greater than 2 GeV/c2, the event was recorded. 

The mass resolutionpossible with the trigger processor, while 

much cruder than the achievable off-line mass resolution for 

the completely reconstructed event (using the drift chamber 

time information), was adequate such that the 2 GeV/c2 mass 

cut caused a loss of less than 1.0% of the accepted J/$'s 

which triggered the fast logic. 

The acceptance for the J/$'s has been calculated for the 

spectrometer by a Monte Carlo procedure which incorporated 

geometric efficiencies, energy.loss, multiple scattering, fast 

trigger cuts. and trigger processor cuts. These acceptances in 

5 and pT assumed flat cos 8* and $* distribution. f3* is 

the angle of a decay muon with respect to the beam in the dimuon 

center of mass system and +* is the azimuthal angle in the same 

system (Gottfried-Jackson frame). The spectrometer has good 

acceptance for J/Q in the entire forward hemisphere (x, > 0) 

and essentially flat pT acceptance in the pT range of the 

measurement. 

The mass spectrum for the region 2.5 < M -+ I < 5.0 GeV/c 2 

+- u u 
is sho:in in Fig. 2 for pW -* u u + X. The J/e signal dominates 

the spectrum with the I$' appearing as a shoulder. The ratio of 

I$' to J/o production was extracted by fitting two gaussians 

centered at 3.1 and 3.7 GeV/cL and an exponential background to 

the data of Fig. 2. The U-B(+')/a*B($) was determined to be 

0.029 t 0.007 for the antiproton data. The same technique 
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applied to our n- data yielded a ratio of 0.029 + 0.004. - 

The preliminary values for total cross sections (xF > 0) for 

J/Q production by 125 GeV/c antiprotons and pi minus are 

G- = 50.7 5 1.0 t 10.1 nb/nucleon and 0 = 57.7 + 0.6 + 
P II 

11.5 nb/nucleon. These cross sections were derived using 

the branching ratio, B(J, + U+II-) = o.o74 and an A dependence 

of the form (r = 
OA 

0.93 s from ;a collection of world data compiled 

by Lyons. 5 The first of the two quoted errors on each cross 

section is the statistical error and the second number is our 

current estimate of the systematic error. The study of the 

sources of the systematic error is underway and we expect this 

error to decrease significantly. 

Using these cross sections we obtain a ratio of J/G 

production (xp > 0) in FN interactions to that in r-N interactions 

at 125 GeV/c of 0.88 5 0.05 (systematic errors included). In 

order to calculate the ratio of proton to antiproton production 

of J/$ at this momentum, up/u-p , we have used a parameterization 

of proton induced J/$ cross section data by Lyons 5 of the form 

(i = 850e-17J;nb/nucleon (xp > 0, K= M./v%). In this way we 

obtain a 5 
P 

= 27.4 nb/nucleon which gives a ratio up/op = 

0.54 5 0.11 (only the error from our antiproton data is included). 

In Fig. 3a and 3b we show our values for these ratios along with 

the values measured at other energies by the Omega6 and NA3' 

collaborations. The antiproton to pion ratio is remarkably 

constant over a large energy range while the proton to antiproton 
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ratio markedly increases from values near 0.2 at s = 100 GeV2 

to almost 0.7 at s = 400 GeV2. The curves in Figs. 3a and 

b are QCD predictions for the s dependence of these ratios. 

The solid curves are from a model by GlGck, Owens, and Reya8 

which contains contributions to J/$ production from the 

q; -f CC and gg + cC processes. The dashed curve of Fig. 3b 

is the calculation from a model of Carlson and Suaya 9 in which 

J/$'s are produced through an intermediate P-wave charmonium x 

state with the subsequent decay of the x + $y. Both models 

describe the s dependence of these ratios reasonably well. 

The major inference that can be drawn is that the gluon-gluon 

processes are necessary to explain the s-dependence of the 

data. 

that of the antiproton distribution. The average 

for the pi minus induced J/$'s (<p,c>,,- = 1.45 + 0 

the antiproton induced J/$'s (<pGb, = 1.23 + 0.03 

The pT distributions for our antiproton and pion data are 

shown in Fig. 4. The pi minus distribution is flatter than 

~2 . pT 1s larger 

-02) than for 

)* 2 
Both data 

sets fit well the.empirical form, 1 do 'T ci 
pr dpT - (1 + -$ . The 

parameters for the fits shown in Fig. 4 are: 

ap = -9.0 f 0.9 aI,- = -8.6 + 0.5 - - 

M;; = 2.95 + 0.19 - MT- = 3.08 + 0.13 - 

Both pT distributions are quite steep and the value of M is 

near the J/+ mass for both data sets. 
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The XF distributions for the antiproton and pion data 

are shown in Fig. 5. There are striking differences between 

the pion and antiproton induced J/Q. This behavior is similar 

to the behavior of our pion and antiproton high mass (M > 

4 GeV/c*) dimuon data reported elsewhere*in this conference. 

do -(x-a)2Ro ~2 
We have fitted these data to a gaussian form K Q e 

F 
and find 

ap = OAl8 + 0.015 arm = D-14 + 0.01 - 

"p = 0.23 + 0.01 (I~- = 0.28 + 0.01 

The pion data peaks at+ >, 0 and is broader than the 

antiproton distribution. Finally, we have calculated the 

ratio as a function of x 
F' This is 

shown in Fig. 6 along with 200 GeV/c data from the NA3 experiment. 

The errors are statistical. At small XP the ratio from our 

125 GeV/c data is steeper and greater in magnitude than the 

200 GeV/c data. The curve is a 200 GeV/c prediction for this 

ratio from a color evaporation model by Barger, Keung, and 

PhillipslO for J/Q production via gg -f J/$ and q6 + J/$. 

The x F dependence of this prediction appears to match our data 

well above xF of 0.2 but falls considerably below the data for 

XF < 0.2. 

In conclusion, we have measured J/a production in 125 GeV/c 

antiproton and pi minus-tungsten interactions. We find the 

antiproton and pi minus cross sections nearly equal and considerably 

larger than the proton cross section. The behavior of the ratio 
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of these cross sections implies large gg contributions when 

interpreted in the context of the currently available models 

of J/Q production. The pT distribution for the antiproton 

induced J./e's is steeper than that of the pi minus induced 

J/$J'S. The xF distributions for the two reactions are quite 

different with the pi minus distribution shifted to xF > 0 

and broader than the antiproton distribution suggesting a more 

energetic constituent composition in the pion. 
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to thank the U.S. Department of Energy, the National Science 
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of Canada, Quebec Department of Education, andthe Hellenic 

Science and Technology Agency for their support. 
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FIGURE CAPTIONS 

E-537 spectrometer. 

Dimuon mass in the region 2.5 < M + _ < 5.0 GeV/c 2 . 
v P 

The dotted curve is the extrapolation of a fit to the 

exponential background under the $ and $'. 

The ratio of the total cross sections 

o.(PN + $x)/u(TT-N + I@) as a function Of S. 

The ratio of the total cross sections 

c(pN + $x)/a(pN + $x) as a function Of s. 

The solid curves are a direct gluon and quark f 

model forJ;/$production. The dotted curve is a 

model in which J/J1 proceeds through the product 

of intermediate x's. 

usion 

,ion 

1 dcr 
6 dpT vs- 'T 

f'or FN * IJJX and n-N -+ $x (for XF > 0). 

do _ vs.~ xF for,pN + $x and -rr-N -f ox. The curves 
dxF 
are the fit e -(x-a) 2/202 discussed in the text. 

do Preliminary ratio of dxF (PN -t $x)/ $$; (T-N ‘f $x) vs. 

xF for our 125 GeV/c data. The solid curve is the 

prediction of the.dependence of this ratio on xE 

at 200 GeV/c. The 200 GeV/c NA3 experimental data 

are also shown. 
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